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Application of the physiological principles
of muscle stretch for facilitatory and inhibi..
tory purposes has formed a major part of
the proprioceptive neuromuscular facilitation
techniques of Dr. Herman Kabat and
Margaret Knott (Kabat, 1947; Knott and
V058, 1956), and is also used by many other
workers. One of the most accurate interpre-
tations of this physiological knowledge has
been made by Professor Margaret S. Rood,
of the University of Southern California
(Rood, 1964), and in this paper I will
describe her work along with certain other
fundamental considerations.
Within all voluntary muscles there are
fusiform shaped stretch receptors, termed
neuromuscular spindles" They are deeply
placed, close to the musculotendinous
junction, and vary in number from muscle
to muscle. Boyd (1964) states that they are
most numerous in small muscles, such as those
in the hand; and Hagbarth and Wohlfart
(1952), in experiments with cats, showed that
there were more spindles in the soleus than
in the larger medial head of gastrocnemius"
From this and other work it would appear
th'1t they predominate in the extensor
(postural) muscles~ Each neuromuscular
spindle possesses two types of specialized
muscle fibre (intrafusal fibres); the nuclear
bag or extracapsular fibre, and the nuclear
chain or intracapsular fihre (fig. 1) "
Muscle spindles contain two types of stretch
receptor :-
(a) Primary sensory endings - These
endings are wound about the equatorial
region of the nuclear bag and nuclear
chain fibres, and give origin to the
type IA afferent.
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(b) Secondary sensory endings - These
are predominantly found in the
myotube region of the nuclear chain
fibres.. This ending gives origin to the
type II afferent.
Within all tendons, close to the musculo..
tendinous junction, are the neurotendinous
spindles (Colgi tendon organs). These tension
receptors (activated by stretch or muscle
contraction) give origin to the IB afferents.
Professor Rood suggests that they are less
numerous in the extensor (postural) muscles
(Rood, 1961-1963) .
The stretch thresholds of these three
receptors is least in the primary sensory
ending, and greatest in the Golgi tendon
organ" Mathews (1933) found that in the cat,
the thresholds of the primary sensory ending,
secondary sensory ending, and Golgi tendon
organ, are in the vicinity of one to two
gramme, nineteen point three gramme, and
one hundred to two hundred gramme
respectively.
By applying a quick stretch to muscle we
may activate the primary sensory endings,
which through their IA afferents, form a
monosynaptic reflex arc with motoneurones
of the same and synergically related muscles
~ this results in facilitation of these muscles.
Through reciprocal innervation via a disyn-
aptie reflex arc (Eccles et alii, 1956) , formed
between the IA afferents and motoneurones
to the antagonistic muscles, we gain simul-
taneous reciprocal relaxation"
The type II afferents from secondary
sensory endings are stimulated by prolonged
stretch of the parent muscle. They form di-
or tri-synaptic connections with motoneurones
to the same muscle and to the antagonists, and
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are thought to be facilitatory to flexor muscles
and inhibitory to extensors (Buller, 1963).. We
may use this receptor to inhibit the extensor
tone of spasticity when the patient is in supine,
by using the first ontogenetic position (total
flexion), where a prolonged stretch of the
extensors inhibits the extensors and facilitates
the flexors. This may take up to five minutes
to become effective (Loggie, 1964).
voluntary contraction is much less than its
threshold to stretch (Ralston, 1957). Because
of this mechanism, unresisted muscle contrac-
tion with gravity eliminated requires a
considerable degree of cerebration to
maintain it.
Using the symbols "+" for facilitation
and "-" for inhibition, the following tables
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FIGURE 1
The Innervation of Voluntary Muscle.
With unresisted voluntary contraction, the
muscle spindle is "unloaded" (i.e., relaxed),
and at the same time, the Golgi tendon organ
activated.. The IB afferents from the Goigi
tendon organ form di- or tri-synaptic
connections with motoneUTones to the parent
and antagonistic musclesv The result of Golgi
tendon organ activation, either from voluntary
contraction or strong stretch, is to produce
autogenic inhibition and antagonistic facili-
tation (McCouch et alii, 1950; Hunt, 1954).
The threshold of the Golgi tendon organ to
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show the effects of stretch and contraction in
terms of the musculotendinous receptors
activated..
Quick Stretch of Flexor or Extensor
Ending activated Effect on Effect on
same muscle antagonist
Primary sensory ending + -
If contraction results,
then
Golgi tendon organ (of
- +
contracting muscle)
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Therefore, a quick stretch of any muscle
is always facilitatory to that muscle and
inhibitory to the antagonists.
Sustained Stretch of Flexor
Ending activated Effect on Effect onflexor extensor
Primary sensory ending + -
Secondary sensory
ending + -
If stretch strong enough,
then
Golgi tendon organ - +
Sustained Stretch of Extensor
Ending activated Effect on Effect on
extensor flexor
Primary sensory ending + -
Secondary sensory
ending
- +
If stretch strong enough,
then
Golgi tendon organ - +
Prolonged stretch of a flexor is facilitatory
to that muscle, unless it is strong enough to
bring in the lengthening reaction of the Goigi
tendon organ. Prolonged stretch of an
extensor produces lengthening which is most
marked if the Golgi tendon organ is activated.
Unresisted Contraction of Flexor or Extensor
Ending activated Effect on Effect on
same muscle antagonist
GoIgi tendon organ (of
same muscle) - +
Primary sensory ending
(of antagonist) - +
If the antagonist contracts, then the
reverse occurs. With unresisted contraction,
the contracting muscle is inhibited and the
antagonistic muscles facilitated. Contraction
of one muscle is associated with facilitation
of its antagonist.
Resisted Contraction of Flexor or Extensor
The gamma efferent discharges more
strongly, causing the spindle length to
parallel the shortening of the parent muscle,
so maintaining a stretch on the muscle spindle..
This results in a continued discharge of the
primary sensory ending of the spindles in
the contracting muscle. Therefore, with
resisted contraction, the working muscle is
facilitated and the antagonist is inhibited,
(maximum contraction of the muscle causes
maximum relaxation of its antagonist). If
resistance is applied through a short lever
arm (for example, at the knee in resisting
hip abduction), then there is maximal facili-
tation of the resisted muscles and inhibition
of the antagonists. If resistance is applied
through a long lever arm (for example, at
the ankle), then cocontraction results - i.e.,
there is some associated contraction of the
antagonists (adductors).
It should be noted that Professor Rood
(Ayres, 1963) has divided muscle action
into two types - 'light work action', and
'heavy work action'. Light work action is
usually a fine skilled reciprocal movement
produced by multiarthrodial muscles (flexors,
adductors, and internal rotators). Heavy
work action is a gross simple movement
or postural holding (by cocontraction),
produced by uniarthrodial muscles (extensors,
abductors, and external rotators). The terms
"flexor" and "extensor" are used above to
represent these two types of muscle.
To demonstrate the use of receptors we
have the following example of re-educating
abductor pollicis brevis :~
(i) If the patient can voluntarily adduct the
thumb, ask him to do so" This will facilitate
abductor brevis via the Golgi tendon organs in
the adductor, and at the same time, inhihit
the adductor.
(ii) If there is no voluntary movement,
then stretch the thumb quickly into abduction"
This stretches the adductor and first palmar
interosseous muscles, activating their primary
sensory endings, and thus facilitating their
contraction. As the adductor and first palmar
interosseous contract, the Golgi tendon organs
in these muscles are activated causing
facilitation of the antagonistic abductor
hrevis. Also, as the adductors contract there
is a quick stretch of the abductor which
further facilitates this muscle through its
primary sensory endings.
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(iii) Maximal facilitation of the abductor
is finally achieved by applying resistance
to its contraction, which maintains the
gamma efferent discharge, and by rubbing
the working muscle.
Rubbing over the muscle belly in the
direction of the muscle fibres is capable of
discharging the primary sensory endings. The
effective stimulus for this is thought to be
stretch of the muscle spindles, although recent
evidence suggests that vibration is probably
more important.
DISCUSSION
It is well known that the maximum ten-
sion developed in a contracting muscle is
obtained with the muscle at a length which
is "close to the maximal extension possible
under natural conditions in the body ..."
(Woodbury and Ruch, 1961). Even though
the muscle is on stretch in this position, this
phenomenon is a function of muscle length
and not stretch, the maximum tension being
due to the mechanical alteration in the length
of the contractile unit. We should not confuse
this with stretch, which is aimed at activating
the myotatic reflex by way of stimulating
the primary sensory endings.
In proprioceptive neuromuscular facili-
tation the stretch is applied as a quick stretch
with the muscle in a lengthened position,
which could conceivably activate the primary
sensory endings. I have for some time now
been concerned as to the validity of this
and similar techniques when used on a
normal muscle, particularly after reading the
study of Tabery et alii, (1963) who showed
that it is possible to stretch a normal muscle
fully, even quite rapidly, without detecting
electrical activity in it. I have yet to find
electromyographic studies of the use of
stretch as in proprioceptive neuromuscular
facilitation, which demonstrate facilitation
of a nonwhypertonic muscle. It may be that
the reinforcement techniques used by Kabat,
Rood, and others, are able to reduce the
stretch threshold of the muscle spindle
sufficiently to allow facilitation of a normal
muscle by manual stretch, but as far as I
know this is pure hypothesis at the moment.
We may find that the only way that non-
hypertonic muscle can be activated by stretch,
is to use a patella hammer, which provides
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a sufficiently rapid stretch to initiate the
stretch reflex response before the Renshaw
loop has had time to inhibit it.
There is no doubt that the above-
mentioned effects of stretch can be readily
demonstrated in patients with spasticity.
Spasticity is commonly due to an increased
gamma efferent discharge onto the muscle
spindle, which markedly reduces the spindle
stretch threshold (the so~called gamma~driven
hypertonus) . The Goigi tendon organ is
consistantly made use of in the classical
passive stretches for patients with spasticity,
where the lengthening reaction (from
autogenic inhibition) is a well known
phenomenon.
Reverting to the example of re~educating
abductor pollicis brevis, it is fairly simple
to show activation of one muscle through
quick stretch of its antagonist in patients
with spasticity. The Hoffman reflex is
elicited by flicking the tip of a finger, so
applying a quick stretch to the long flexors;
a contraction of thumb and finger flexors
will be seen. Often this will be followed by
a reflex extension of the fingers.
CONCLUSION
Just how much we can apply these basic
physiological concepts to the treatment of
patients with normal and abnormal muscle
tone is a question yet to be answered;
particularly as much of the information
which is being applied is substantially a
concept rather than proven fact. Whilst
facilitation or inhibition of a muscle need
not necessarily be manifested clinically as
an actual contraction or relaxation, it
would still seem that the use of stretch
in re~education of non.hypertonic muscle
requires a great deal more research before
it can be applied with as much confidence
as can be given to its use in spastic conditions
where the musculotendinous receptors are
much more susceptible to activation. I have
described in detail the means by which
musculotendinous receptors can be activated
by stretch, with the hope that a more scientific
application of neuromuscular physiology will
allow us to gain a better understanding of the
value of stretch in re-education.
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